These results demonstrate that the AMPA receptors in cells of the O-2A lineage flux appreciable amounts of Ca*+ but may contain variable amounts of edited GluR2 subunits.
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Jorotoxin; CG-4 cells Glutamatergic excitatory synaptic transmission in the brain is mediated by many different types of glutamate receptors (Hollmann and Heinemann, 1994; McBain and Mayer, 1994; Miller, 1994) . Indeed, the ultimate diversity of these receptors is still unknown.
One particularly important property of ionophorelinked glutamate receptors is their permeability to Ca*'. Thus, Ca2+ is known to be of great importance in mediating many of the effects of glutamate on neuronal excitability, plasticity, and viability (Choi and Rothman, 1990; Bliss and Collingridge, 1993) . Initially, it was thought that only NMDA receptors exhibited high Cazt permeability, whereas "non-NMDA" receptors essentially were Ca'+-impermeable (MacDermott et al., 1986; Mayer et al., 1987) ; however, the situation was significantly more complex. Both biophysical and molecular biological studies demonstrated that some non-NMDA receptors also appeared to flux Ca2+ very well (Murphy and Miller, 1989a,b; Iino et al., 1990; Gilbertson et al., 1991; Brorson et al., 1992; Lerma et al., 1994; Geiger et al., 1995) . One important determinant of the Ca2+ permeability of AMPA receptors appears to be the presence of an edited version of the GluR2 subunit [GluR2(R)].
Experiments examining the properties of recombinant AMPA receptors have shown that the absence of GluR2(R) allows the formation of receptors for which Ca2+ permeability is high and can approach that of NMDA receptors (Hollmann et al., 1991; Hume et al., 1991; Burnashev et al., 1992a Burnashev et al., ,b, 1995 . The question remains, however, as to the subunit structure of naturally occurring AMPA receptors that differ in their abilities to flux Ca*+. In one striking example, that of the Bergmann glial cells of the cerebellum, it is clear that the AMPA receptors lack GluR2(R) and exhibit the predicted high Cazt permeability (Burnashev et al., 1992a; Mtiller et al., 1992; Geiger et al., 1995) . Such a complete lack of GluR2 (R) in cells may be relatively rare (Lambolez et al., 1992; Jonas et al., 1994 , Geiger et al., 1995 ; however, many types of cells now are known to exhibit AMPA receptors with relatively high Ca*+ permeabilities (Schneggenburger et al., 1993a,b; Zeilhofer et al., 1993; Jonas et al., 1994) (see Discussion). One such example occurs in cells of the O-2A progenitor lineage that can differentiate in vitro into oligodendrocytes or type II astrocytes (Louis et al., 1992; Holzwarth et al., 1994) . These cells also possess pronounced kainate-activated Ca2+ and Co2+ fluxes, although it is clear that they also express GluR2(R) (Holzwarth et al., 1994; Patneau et al., 1994; Puchalski et al., 1994) . We hypothesized that the cells contain a "mosaic" of AMPA receptors, some of which are formed without GluR2(R). We speculated that these receptors are responsible for a majority of the Ca2+ flux observed, the Nat current being dominated by GluR2(R)-containing "Ca *+-impermeable" receptors. The existence of such AMPA-receptor mosaics has been detected in other studies (Burnashev et al., 1992b; Geiger et al., 1995) . It was demonstrated previously that certain spider toxins, including Joro spider toxin (JSTx) and Argiotoxin 636, selectively block AMPA receptors that lack GluR2(R) and, therefore, exhibit a high Ca*+ permeability (Blaschke et al., 1993; Herlitze et al., 1993) . We have examined in this study the effects of these toxins on Ca*+-permeable AMPA receptors in cells of the 0-2A lineage. Surprisingly, although cells at various stages of development possess AMPA receptors that are appreciably Ca*+-permeable, their sen-sitivity to spider toxins changes dramatically, suggesting a switch in their subunit structure. by using the equation
MATERIALS AND METHODS
, where R is the 3401380 nm fluorescence ratio according to Grynkiewicz et al. (1985) . Kmw Rmn. and the constant K were determined from a standard curve generated using Fura-2-free acid in solutions of known [Ca"'] i. Whole-cell patch-clamp measurements were performed as described previously (Thayer et al., 1988) . Currents were amplified by an EPC3 patch-clamp amplifier (List Biologicals, Campbell. CA) and recorded by a chart recorder attached to the output from an &pole Bessel filter. Cells were held at -80 mV. A sweep from ~80 to 0 mV of 520 msec duration was performed every 3 or 4 min (which is seen as a vertical spike on the current record).
Na+-containing solutions were as described above. The intracellular solutions contained the following: 100 mM CsCl, 40 mM CsF, 1 rnM MgCl,, 10 mM HEPES, 3.6 mM Mg-ATP, 14 mM Tris, 2 mM creatine phosphate, 50 U/ml creatine phosphokinase, 200 FM Fura-2, 320 mOsm, pH 7.3. Cells were accepted for study if a stable seal formed and the cell input resistance was at least 150 MO formed.
Patch pipettes of 2.5-4.5 Ma were used. Agonists were applied by bath application. (Fig. 1) . The first of these was Fura-video imaging of cells, and the second was to examine kainate-induced Nat currents and Cazt fluxes simultaneously under voltage-clamp conditions (Thayer et al., 1988 kainate-activated increase in [Ca'+] , also occurred when all external Nat was replaced with the nonpermeant cation NMDG (Holzwarth et al., 1994) although the kainate-induced inward current was greatly reduced (>90%).
This suggests that the [Ca2+li signals were not attributable to Cazt influx through voltage-gated Cazt channels activated by Nat influx.
We also determined that the [Cazfli signals observed were caused by Ca2+ influx rather than by Ca2+ mobilization from intracellular stores. Thus, no [Caztli signal was observed in Ca2+-free medium (data not shown). Second, the effects of kainate were not reduced by treating cells with thapsigargin, which depletes both inositol trisphosphate-sensitive and caffeine-sensitive intracellular Ca2+ stores (Holzwarth et al., 1994) . Certain positively charged spider venoms such as JSTx or Argiotoxin 636 potently block only those AMPA receptors that lack GluR2(R) (Blaschke et al., 1993; Herlitze et al., 1993) . Because high Cazt permeability of AMPA receptors has been associated with lack of GluR2(R), we would expect AMPA receptors that flux Ca2+ efficiently to be blocked by these toxins. In keeping with this expectation, we found that JSTx blocked the kainate-induced Nat current and [Ca2+li signal in 0-2A progenitor cells (Fig. 24) . The kainate-activated current was 130 2 34 pA in the absence and 39 t 9 pA in the presence of JSTx, whereas the peak [Ca2+], increases were 504 ? 41 and 193 + 28 nM, respectively (n = 6; all values are mean ? SEM). We were surprised to find, however, that the toxin did not block kainate-induced Nat currents or [Ca2+li signals very effectively after differentiation of cells into type II astrocytes (Fig. 2B) . In these cells, the inward current induced by kainate was 416 2 43 pA in the absence and 373 ? 43 pA in the presence of JSTx. The [Ca2+li increases were 322 + 46 and 295 f 42 nM, respectively (n = 6). Similar results were obtained in imaging studies carried out under Na+-free conditions (Fig. 3) . [Ca2+li increases induced by kainate in O-2A progenitors in the absence and presence of 500 nM JSTx were 716 Z? 162 and 233 ? 35 nM (p < 0.05; n = 22), respectively, whereas in type II astrocytes they were 979 2 206 and 873 -C 244 nM (n = 18). After the addition of serum, the sensitivity to JSTx changed slowly over a period of days. Some change already had occurred after 36 hr, and a virtually complete switch to JSTx insensitivity had occurred in a majority of cells after 1 week (Fig. 3) . The [Ca'+], signal and Na+ current were approximately equally sensitive to this toxin. It should be noted that we used very high toxin concentrations. Indeed, at the concentrations used, AMPA receptors lacking GluR2(R) examined in artificial-expression systems are blocked nearly completely (Blaschke et al., 1993; Herlitze et al., 1993) particularly at the membrane potentials prevailing in the voltageclamp studies.
As another test of the toxin sensitivity of type II astrocyte Cells used in these imaging studies were identified by immunocytochemistry using gridded coverslips. AMPA receptors, we evaluated the effect of Argiotoxin 636 on the kainate-induced Na+ currents and Cazt signals. As with JSTx, only a modest blocking effect of Argiotoxin 636 was noted in both the voltage-clamp and the imaging studies. In these experiments, the peak kainate-activated current was 440 + 123 pA in the absence and 316 -C 101 pA in the presence of Argiotoxin 636 (n = 6; Fig. 4) . The kainate-activated [Ca2+li increase was 478 -C 63 nM in the absence and 318 -C 46 nM in the presence of Argiotoxin 636 (n = 6; Fig. 4) . Similarly, imaging studies showed a 10 2 8% (n = 4) inhibition of the kainate-activated
[Ca2+], increase by Argiotoxin 636 (1 PM; data not shown). In contrast to the lack of effect of the spider toxins, we did observe that Evans blue, a compound that has been shown to block AMPA receptors that possess GluRl and -2 (Keller et al., 1993) , effectively blocked both the [Ca2+li signal and the Na+ current to a similar extent in the type II astrocytes (Fig. 4) (kainate-activated current: 340 2 71 pA in the absence and 70 +-31 pA in the presence of Evans blue, n = 7; [Ca2+li increase: 352 +-97 nM in the absence and 150 2 44 nM in the presence of Evans blue, y1 = 7).
Because kainate can activate AMPA and kainate receptors (Partin et al., 1993; Patneau et al., 1994) , and because both of these can potentially flux Ca2+ (Dingledine et al., 1992; Egebjerg and Heinemann, 1993; Kohler et al., 1993) and occur in cells of O-2A lineage (Gallo et al., 1994; Patneau et al., 1994), we determined which class of receptors was responsible for the [Ca2+li signals observed in these experiments. Under normal conditions, activation of AMPA receptors by kainate produces relatively little inactivation, whereas activation of kainate receptors by the same agonist produces currents that are extremely brief (Partin et al., 1993) . Cyclothiazide can remove any inactivation of the AMPA receptors, whereas concanavalin A (Con A) has a similar potentiating effect that is relatively selective for kainate receptors (Partin et al., 1993) . We observed that cyclothiazide invariably produced a large enhancement of the effects of either AMPA or kainate (Fig. 5) in type II astrocytes. In these cells, AMPA produced a peak increase in [Ca2+li of 37 t 6 nM (n = 39) in the absence and 779 ? 67 nM (n = 8) in the presence of 10 PM cyclothiazide. Kainate produced a peak increase in [Ca2+li of 375 + 32 nM (n = 160) in the absence and 856 ? 34 nM (n = 9) in the presence of 10 PM cyclothiazide. In contrast, incubation with Con A for lengths of time sufficient to remove kainate-receptor desensitization (Wong and Mayer, 1993) generally had very little effect (Fig. 6) . In 304 cells examined by imaging the [Ca2+],, response to kainate was 476 ? 25 nM in the absence and 386 t 22 nM in the presence of Con A. Interestingly, in a few cells studied (5.6%), we did observe potentiated responses to kainate after Con A treatment (Fig. 6C) . This is consistent with the presence of kainate receptors in a population of these cells (see also Patneau et al., 1994) . This population seems to be relatively small, however, under our experimental conditions. For example, in none of the cells tested under voltage-clamp conditions (Fig. 60) To compare its effects in type II astrocytes, we also analyzed the effect of JSTx on kainate-induced responses in differentiated oligodendrocytes.
In voltage-clamp studies, we found that JSTx partially blocked the kainate-activated current and [Ca2+li increases in these cells. As shown in Figure 7 , JSTx reduced the kainate-activated current by 28 + 7% and the [Caztli increase by 3.5 5 9% (n = 6). The average currents induced by kainate in the absence and in the presence of JSTx were 182 ? 7 and 131 + 6 pA, respectively.
The 
AMPA receptors and Ca*+ fluxes in CG-4 cells
The CG-4 cell line derives from O-2A progenitors and retains many of the features of these cells, including the presence of Ca2+-permeable AMPA receptors (Louis et al., 1992; Pende et al., 1994; Holtzclaw et al., 1995) . CG-4 cells also can be differentiated into cells that possess many of the morphological and antigenic features of type II astrocytes or oligodendrocytes (Louis et al., 1992; Gallo et al., 1994) . When CG-4 cells were examined in voltage-clamp recordings, they behaved similarly to the primary glia cultures discussed above. Thus, both the Nat current and the [Ca2+li signal were blocked by JSTx in progenitor cells (A2B5+, Time (min) GFAP-) (Fig. 8) . The kainate-induced inward current in O-2A progenitor CG-4 cells was 120 2 27 pA (n = 11) in the absence of JSTx and 35 -' 11 (n = 7) in the presence of JSTx. The kainateinduced [Ca2+], increase was 639 ? 55 nM in the absence of JSTx and 200 + 39 nM in the presence of the toxin (see also Table 1 for dose-response data). Similar sensitivity to the toxin was observed in imaging studies (Fig. 9) . The kainate-induced
[Ca2+], increase in the absence of JSTx was 897 -C 162 nM, whereas it was 119 -C 14 nM in the presence of 500 nM JSTx (n = 15). Kainate-induced [Ca2+li increases were uniformly JSTx-sensitive in these cells, although the dose-response relationship for toxin sensitivity differed from cell to cell ( Fig. 9; Table 2 ). CG-4 cells also were differentiated to produce type II astrocyte-like cells (A2BS', GFAP+).
Under these circumstances, the cells slowly changed their sensitivity to JSTx in a way similar to authentic O-2A progenitors, so that by 12 d many cells were completely resistant to JSTx. In differentiated CG-4 cells, the inward current activated by kainate was 240 ? 40 pA (n = 9) and 212 -t 31 pA (n = 9) in the absence or in the presence of 500 nM JSTx, respectively. The kainate-induced increases in [Caztli were 593 5 46 nM in the absence of JSTx and 544 ? 29 nM in the presence of the toxin. This change in sensitivity took somewhat longer than with 0-2A progenitor cells (Figs. 8, 9 ).
We also observed that kainate-induced [Ca'+], increases in both undifferentiated and differentiated cells were blocked completely by at concentrations at which it selectively blocks AMPA rather than kainate receptors (Fig. 10) (Paternain et al., 1995) . This suggests further that AMPA receptor is the As with primary cultures, we observed intermediate blocking effects of JSTx in CG-4-derived oligodendrocyte-like cells (Fig.  11) . The kainate-induced currents and [Ca2+li increases were reduced by 32 5 4 and 49 +-7% by JSTx;respectively, in voltageclamp experiments (n = 7). The kainate-activated current was 128 +-8 pA in the absence of JSTx and 87 ? 7 pA in the presence of the toxin. The increase in [Ca2+li induced by kainate alone was 550 ? 4.5 nM, and it was 280 +-21 nM in the presence of JSTx. Imaging studies showed that JSTx produced a 58 t 6% inhibition of the kainate-induced
[Ca2+], increase. In these experiments, the [Caztli increase induced by kainate was 975 ? 104 nM in the absence of JSTx and 410 5 40 nM in its presence (n = 45).
The diverse blocking effects of JSTx in progenitors, type II astrocytes, and oligodendrocytes suggested some alteration in the subunit composition of AMPA receptors in these cell types. We investigated this possibility using Western blot analysis. As was reported previously by others (Gallo et al., 1994; Patneau et al., 1994; Puchalski et al., 1994) we observed the presence of GluR2, GluR3, and GluR4 in CG-4 cells (Fig. 12) . The relative levels of expression of each of these subunits changed on differentiation. Densitometric analysis of the immunoblots showed a large increase in the level of GluR2 when cells were differentiated into type II astrocyte-like cells (ratio of type II to 0-2A progenitors was 2.62) and a slight increase when they were differentiated into oligodendrocytes (ratio of oligodendrocytes to O-2A progenitors was 1.27). The levels of GluR3 were increased slightly in type II-like cells and in oligodendrocytes (ratio of type II to O-2A was 1.50; ratio of oligodendrocytes to 0-2A was 1.45). The levels of GluR4 also were higher in type II astrocytes and oligodendrocytes (ratio of type II to 0-2A was 2.14; ratio of oligodendrocytes to O-2A was 5.54). The increase in GluR4 expression presumably is caused by increases in GluR4 mRNA observed under these conditions, as reported previously by Patneau et al. (1994) .
DISCUSSION
The results obtained in these studies are of interest for three distinct reasons. First, we noted a change in toxin sensitivity of the AMPA receptors in O-2A progenitor cells as they differentiated into oligodendrocytes and type II astrocytes. Second, it is striking that although the AMPA receptors in type II astrocytes are resistant to the effects of JSTx, they still flux Ca2+ efficiently. Third, we also find that these changes in toxin sensitivity are accompanied by an increase in the levels of GluR2.
AMPA receptors in several types of neurons (Murphy and Miller, 1989a,b; Gilbertson et al., 1991; Brorson et al., 1992; Jonas et al., 1994; Lerma et al., 1994) and glia (Mtiller et al., 1992; Holzwarth et al., 1994; Jabs et al., 1994; Holtzclaw et al., 1995) are appreciably permeable to Ca'+. The precise subunit composition of these receptors, however, has not been elucidated in most instances. Results obtained from the expression of cloned recep- (R) is a major determinant of the Ca2+ permeability of AMPA receptors (Hollmann et al., 1991; Sommer et al., 1991; Burnashev et al., 1992b Burnashev et al., , 1995 . Thus, recombinant receptors expressed in vitro without this subunit show high Cazt permeability and current-voltage curves that are inwardly rectifying. The AMPA receptors in some cells (type II hippocampal pyramidal neurons and Bergmann glial cells) show precisely these properties (Iino et al., 1990; Ozawa et al., 1991; Burnashev et al., 1992b; Mtiller et al., 1992) . In other situations, however, cells appear to possess AMPA receptors that show high Cazf permeability but straight or outwardly rectifying current-voltage curves (Schneggenburger et al., 1993a,b; Holzwarth et al., 1994; Lerma et al., 1994; Geiger et al., 1995) . Estimates for the relative Ca2+ permeability of AMPA receptors in different cell types range from values that approach those for NMDA receptors [e.g., Bergmann glia and type II hippocampal neurons (Iino et al., 1990; Mtiller et al., 1992) , and dentate gyrus basket cells, hilar interneurons, and auditory relay neurons (Geiger et al., 1995) ] to values that are extremely low [e.g., cerebellar granule cells (Wyllie and CullCandy, 1994 ) and CA3 pyramidal cehs (Geiger et al., 1995) 
How can these various observations be reconciled with each other and with data from the present experiments? It is reasonable to suppose that in cases in which GluR2(R) subunits are totally absent, the resulting AMPA receptors will show high Ca2+ permeability and inward rectification, as predicted from expression studies in artificial systems (Burnashev et al., 1992b; Geiger et al., 1995) . This is certainly the case for type II hippocampal pyramidal neurons (Bochet et al., 1994) and Bergmann glia (Burnashev et al., 1992a; Geiger et al., 1995) . Jonas et al. (1994) demonstrated that in rat neocortical nonpyramidal neurons, AMPA receptors showed a relatively high Ca2+ permeability. Single-cell PCR studies indicated that these cells did contain some GluR2(R), although apparently at lower levels than in neocortical 10 tin GYKI-53655 comoletelv and re&sibly &ckei the kainate response', wheieas only CG-4 progenitor cells were sensitive to the inhibitory action of JSTx (500 nM).
pyramidal neurons, which possessed AMPA receptors with very low Ca*+ permeability, investigated under similar conditions. These studies were extended recently by Geiger et al. (1995) , who demonstrated the correlation between GluR2 content and Ca2+ permeability in a range of central neurons. In our previous studies on O-2A progenitor cells (Holzwarth et al., 1994) , we showed that the AMPA receptors present clearly were permeable to Ca2+ (and Co'+) and showed little inward rectification. We suggested that a majority of the Ca2+ flux observed was attributable to a small number of the AMPA receptors present that did not possess GluR2(R), whereas a majority of those present did possess GluR2(R).
The results of the present set of studies, however, show clearly that this original hypothesis must be wrong. If two such populations of receptors were present, then JSTx or Argiotoxin 636 would have blocked the kainate-induced [Ca2+li signal much more effectively than the Na+ current measured simultaneously; however, this was not found to be the case. Even when used at high concentrations, the toxins had very little inhibitory effect on either Nat currents or Ca2+ fluxes in type II astrocytes and reduced both parameters to a similar extent in oligodendrocytes and progenitors. The lack of effect of the spider toxins on type II astrocytes suggests that the receptors responsible for both the Nat and the Ca2+ fluxes in these cells are actually the same or, at the very least, that they all contain GluR2(R). This conclusion is supported also by the blocking effects of Evans blue. Although this latter compound in no way can be considered specific, our results are consistent with those of Keller et al. (1994) who demonstrated that Evans blue blocked AMPA receptors that contained GluR2(R). Interestingly, the Na+ currents and Ca2+ fluxes in the 0-2A progenitor cells and progenitor CG-4 cells displayed high sensitivity to spider toxins, whereas oligodendrocytes displayed an intermediate sensitivity. We also found that the relative amounts of GluR2 in these cells correlated with increasing resistance to block by JSTx.
The reason that AMPA receptors are both Ca'+-impermeable and resistant to block by positively charged toxins such as JSTx and Argiotoxin 636 may be that these receptors are repelled by the additional positive charge provided by the Arg residue found in the edited subunit, GluR2(R).
Similar considerations apply to the actions of other positively charged species such as polyamines (Koh et al., 1995) . This Arg residue probably is located in close proximity to the ion permeability pore (Burnashev et al., 1992b; Hollmann and Heinemann, 1994) . If each AMPA receptor consists of approximately five subunits (by analogy with nicotinic receptors; Wenthold et al., 1992) , then as many as five of these positive charges could be found in the limiting condition if homomerit GluR2(R) channels were formed. This situation is unlikely to occur in practice, however, because GluR2(R) subunits presumably are found in combination with other AMPA-receptor subunits (Petralia and Wenthold, 1992; Gallo et al., 1994; Jonas et al., 1994; Patneau et al., 1994; Puchalski et al., 1994; Geiger et al., 1995) . It is likely, therefore, that the Cazt permeability and toxin sensitivity of AMPA receptors are caused not only by the absolute presence or absence of GluR2(R) but also by exactly how many of these subunits and, thus, how many extra positive charges are present in the receptor complex. Expression studies in artificial systems using GluR2(R) mixed with other AMPA-receptor subunits have demonstrated clearly that the degree of Ca2+ permeability and sensitivity to block by spider toxins can be changed differentially by altering not only the types of subunits used but also their relative proportions (Burnashev et al., 1992b (Burnashev et al., , 1995 Blaschke et al., 1993; Herlitze et al., 1993) . A similar result is 117K-89K-_L ema Figure 12 . Western blot analysis of the expression of GluR2, GluR3, and GluR4 AMPA-receptor subunits in 0-2A progenitor CG-4 (O-M), type II astrocyte CG-4 (Type 11), and oligodendrocyte CG-4 cells (Oligod.). Proteins (30 &lane) were run on 7.5% SDS-PAGE minigels, and membranes were incubated for 1 hr with monoclonal antibody for GluR2 or polyclonal antibodies for GluR3 and GluR4. implied by the data of Jonas et al. (1994) and Geiger et al. (1995) .
In their recent studies on the composition and properties of AMPA receptors in a range of central nervous system neurons, Geiger et al. (1995) found a marked correlation between the abundance of GluR2 in cells and decreasing Ca2+ permeability. These authors suggested that the presence of even a single GluR2 subunit in the receptor complex was enough to decrease Cazt permeability significantly. It may be that a single GluR2 also greatly reduces the sensitivity of the receptor to block by JSTx.
The present results suggest that, at least in type II astrocytes, no mosaic of receptors occurs that includes highly Ca'+-permeable GluR2(R)-negative complexes. The receptors present all appear to contain GluR2(R) but also to exhibit an appreciable Cazt permeability.
We cannot rule out the possibility, however, that mosaics of highly Ca'+-permeable and -impermeable AMPA receptors occur in other cell types. For example, this situation may exist in the undifferentiated progenitors and in oligodendrocytes. The relative amounts of the different types of receptors would be controlled by the relative levels of GluR2 that increase on differentiation, as shown in this study. Our results are consistent with those in the literature reporting an entire range of relative Cazt permeabilities (P) for AMPA receptors in different cell types (PCa2+/Px+ ranging from 0.01 to 2.7) (Mayer and Westbrook, 1987; Iino et al., 1990; Ozawa et al., 1991; Burnashev et al., 1992a,b; Jonas and Sakmann, 1992; Schneggenburger et al., 1993a,b; Jonas et al., 1994; Wyllie and Cull-Candy, 1994; Geiger et al., 1995) . These results could be attributable to the presence of AMPA receptors containing different relative amounts of GluR2(R) and, consequently, different Cazt permeabilities.
Thus, the Cazt permeabilities of AMPA receptors in normal cells actually may form a continuum of values allowing for very fine tuning of glutamateactivated Cazt fluxes.
In conclusion, the reason that the toxin sensitivity of AMPA receptors decreases when 0-2A cells differentiate into oligodendrocytes and, particularly, into type II astrocytes may be attributable to a change in the AMPA-receptor subunit composition so that a higher proportion of receptors contains GluR2(R). This conclusion is consistent with the biochemical results reported in this study. The relevance of these studies for events occurring in viva is indicated by a recent report demonstrating the "intermediate" Cazt permeability of "complex" glial cells in mouse hippocampal slices (Seifert and Steinhauser, 1995) .
